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I n  o r d e r  t o  prolong the  dura t ion  of manned 
miss ions  around t h e  e a r t h  and t o  expand t h e  
human e x i s t i n g  reg ion  from t h e  e a r t h  t o  o t h e r  
p l a n e t s  such as a Lunar Base o r  a manned Mars 
f l i g h t  mission, the  CELSS becomes a n  e s s e n t i a l  
f a c t o r  of the  f u t u r e  technology t o  be developed 
through u t i l i z a t i o n  of Space S t a t i o n .  
The prel iminary SELI (System Engineering 
and I n t e g r a t i o n )  e f f o r t s  regarding CELSS have 
been c a r r i e d  o u t  by t h e  Japanese CELSS concept 
s tudy  group f o r  c l a r i f y i n g  the  f e a s i b i l i t y  of 
hardware development f o r  Space S t a t i o n  
Experiments and f o r  g e t t i n g  the  time phased 
miss ion s e t s  a f t e r  Fy ,1992. The r e s u l t s  of 
these  s t u d i e s  a r e  b r e i f l y  summarized and 
t h e r e a f t e r ,  t h e  design and u t i l i z a t i o n  methods 
of a Gas Recycle System f o r  CELSS experiments 
a r e  discussed.  
I .  PROPOSED EXPERIMENTS AND ITS MISSION ANALYSIS 
According t o  NASA's c a l l  f o r  i n t e r n a t i o n a l  
p a r t i c i p a t i o n  i n  the  Space S t a t i o n  program, 
d a t a  sources  f o r  Space S t a t i o n  U t i l i z a t i o n  
concepts i n  many f i e l d s  have been c o l l e c t e d  a t  
t h e  Japanese Space S t a t i o n  Symposium he ld  i n  
October 1982. Among the  papers presented a t  
t h i s  Symposium, e leven  experiment proposals  a s  
shown i n  Table 1 r e l a t e d  t o  CELSS have been 
e x t r a c t e d  a s  the  d a t a  source  f o r  CELSS miss ion 
a n a l y s i s .  Using these  d a t a  sources,  ex tens ive  
s tudy f o r  c l a r i f y i n g  the  development 
f e a s i b i l i t y  of hardware necessary t o  conduct 
t h e  CELSS experiments wi th  s t a t e  of a r t  
equipment have been conducted. 
Each proposed theme was divided i n t o  t h e  
resea rch  items c l o s e l y  connected w i t h  
experiment hardware and the  necessary t i m e  
spans  f o r  developing hardware were i n v e s t i g a t e d  
consider ing t h e  t echno log ica l  matur i ty  and 
e f f e c t i v e n e s s  f o r  experiments.  Table 2 shows 
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the  strawman CELSS experiment concept and is 
desc r ibed  i n  next  s e c t i o n .  
2. CELSS EXPERIMENT CONCEPT 
The CELSS i s  the  technology f o r  making a 
s t a b l e  ecology among animals  and p l a n t s  
wi thout  re-supply of m a t e r i a l s  and using a 
s p e c i a l  c o n t r o l l e d  environment.  Therefore 
t h e  CELSS would be d iv ided  i n t o  two s e c t i o n s ;  
t h e  environmental c o n t r o l  s e c t i o n  and the  
c u l t i v a t i n g  and breeding s e c t i o n  of p l a n t s  
and animals.  I n  the  environment c o n t r o l  
s e c t i o n ,  a t  l e a s t  t h r e e  major systems, shown 
Fig.  1,  should be i n s t a l l e d  f o r  s u s t a i n i n g  
t h e  gas  environment, f o r  water r ecyc le  and 
f o r  decomposing waste m a t e r i a l s  i n t o  a 
f e r t i l i z e r  s o l u t i o n .  
I n  t h e  c u l t i v a t i n g  and breeding s e c t i o n ,  
t h e  Algae and h igher  p l a n t  c u l t i v a t i o n  
systems f o r  conver t ing carbon d iox ide  t o  
oxygen and f o r  producing food a r e  t o  be 
i n s t a l l e d .  I n  a d d i t i o n  aminal and f i s h  
breeding systems f o r  o b t a i n i n g  animal p r o t e i n  
should a l s o  be i n s t a l l e d .  
I n  o r d e r  t o  develop CELSS technology, i t  
i s  necessary t o  t ake  a long time span a s  
descr ibed i n  previous s e c t i o n  because b a s i c  
ground based experiments r e l a t e d  t o  the CELSS 
a r e  required before  developing t h e  f l i g h t  
experiment hardware, and a l s o  because the  
d a t a  of s t a b i l i t i e s  abou t  t h e  morphogenests 
+nd physiology of the  h igher  p l a n t s  and a l g a e  
i n  space environment have not  been f u l l y  
accumulated a t  the p resen t  t ime. 
Based on the  above cons ide ra t ions ,  t h e  
time phased mission s e t s  f o r  u t i l i z i n g  t h e  
space s t a t i o n  were determined a s  a Japanese 
strawman CELSS mission model. (Reference 1 )  
( N i t t a ,  1984) 
According t o  t h i s  miss ion model, t h e  
f i r s t  time mission i s  t o  be conducted dur ing  
1992 - 1995 f o r  e v a l u a t i n g  t h e  higher  p l a n t  
and a lgae  c u l t i v a t i o n  methods and f o r  summing 
up the  a v a i l a b l e  d a t a  abou t  t h e  s t a b i l i t y  of 
R e p r i n t e d  w i t h  p e r m i s s i o n  @ 1985 
S o c i e t y  o f  A u t o m o t i v e  E n g i n e e r s ,  I n c .  
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Tab le  1 Proposed Theme 
D e s c r i p t i o n  of Content  
Fungi  p roduc t ion  f o r  c e l l u l o s e  decompos i t i on ,  
an imal  and f i s h  b reed ing  f o r  food p r o d u c t i o n ,  
h i g h e r  p l a n t  and a l g a e  p l a n t a t i o n  f o r  food 
p r c d u c t i o n  and gas  c o n v e r s i o n ,  s a l t  accumula- 
t i o n  p l a n t  f o r  sodium c h l o r i d e  e x t r a c t i o n ,  
hydrophyte  p l a n t i n g  f o r  n i t r o g e n  f i x a t i o n ,  
methanogen f e r m e n t a t i o n  f o r  was te  management 
and c o n s t r u c t  t h e  c l o s e d  eco logy  w i t h  b i o  
s p e c i e s  mentioned above .  
Vege tab l e  p l a n t i n g  f o r  food p r o d u c t i o n  and 
g a s  conve r s ion .  S o l a r  l i g h t  s u p p l y  sys t em f o r  
p h o t o s y n t h e t i c  r e a c t i o n  of  v e g e t a b l e .  
Gas r e c y c l e  system f o r  s t a b i l i z i n g  g a s  
envi ronment ,  w a t e r  r e c y c l e  sys tem f o r  s u p p l i n g  
t h e  neces sa ry  w a t e r ,  wet o x i d a t i o n  sys t em f o r  
was te  management, h i g h e r  p l a n t  and a l g a e  
c u l t i v a t o r  f o r  food p roduc t ion  and g a s  conver-  
s i o n ,  pliysico-chemical sodium e x t r a c t i o n  
sys tem,  and low g r a v i t y  g e n e r a t o r  f o r  t e s t i n g  
geot ropism.  
C h e t o t a x i s  exper iment  i n  OG.  O r g a n e l l a  growth 
exper iment  i n  OG and geo t rop i sm expe r imen t  of 
h i g h e r  p l a n t .  
Reproduct ion ,  growth,  enb ryogenes i s  and gene- 
t i c s  exper iment  i n  OG u s ing  Mouse, Q u a i l  and 
T i l a p i a ,  and b reed ing  technology development 
f o r  f u t u r e  food p roduc t ion .  
Gas r e c y c l e  sys tem,  w a t e r  r e c y c l e  sys t em and 
i n c i n e r a t i o n  was te  management sys t em a r e  
recommended. 
Space-use f e rmen to r  d e s i g n  f o r  p r a c t i c a l  use  
No. 
EL-01 
EL-02 
EL-03 
EL-04 
EL-05 
EL-06 
EL-07 
g r a v i t a t i o n a l  f o r c e  of microbes  i n  environment c o n t r o l .  
EL-08 F i e l d  of P l a n t  Research  i n  Space C e l l  c u l t u r e ,  pathogen s t u d y  and p r o t e i n  r i c h  
S t a t i o n  f l o u r  s e p a r a t i o n  u s i n g  OG. 
EL-09 P l a n t  Experiment Subsystem P l a n t  c u l t i v a t o r ,  phy to t ron  d e s i g n .  
EL-10 Biochemical  S t u d i e s  on e l emen ta ry  Simple ecosys tem and immobil ized enzyme 
c y c l e s  i n  a  Closed Ecosystem b i o - r e a c t o r  f o r  supplementary  food p roduc t ion .  
EL-11 Space S t a t i o n  w i t h  a n  A r t i f i c i a l  Large s c a l e  e c o l o g i c a l  l i f e  s u p p o r t  exper iment  
G r a v i t y  ' s t a t i o n .  
Theme 
A g r i c u l t u r a l  T.aboratory i n  Space 
Space A g r i c u l t u r e  Experiment 
Study on Space A g r i c u l t u r e  and 
Closed  E c o l o g i c a l  L i f e  Support  
Sys t e m  
Non-Gravity P l a n t  Experiment System 
P r o j e c t  f o r  e s t a b l i s h m e n t s  of 
Breeding  and Management System of 
s e v e r a l  Higher Animals under  Space 
Environment 
Micro-Ecologica l  System i n  Space 
S t a t i o n  
M i c r o b i a l  Fermentor i n  v e r y  low 
T a b l e  2  Proposed R e s e a r c h  I t e m s  
Reasons 
E s s e n t i a l l y  r e q u i r e d  f o r  CELSS 
A f t e r  t h e  s l u d g e  prob lem i s  
s o l v e d  
Easy t o  c o n d u c t  w i t h  p h y t o t r o n  
A f t e r  t h e  e f f e c t i v e n e s s  is 
examined 
E s s e n t i a l  f o r  a n i m a l  p r o t e i n  
A f t e r  t h e  e f f e c t i v e n e s s  is  
examined 
P o s s i b l e  i f  p h y s i c o - c h e m i c a l  
s y s t e m s  i n t r o d u c e d  
D e d i c a t e d  m i s s i o n  
R e q u i r e d  f o r  h i g h e r  p l a n t  
Same as EL-01 ( 1 )  
Same as EL-02 ( 1 )  
Same as EL-01 ( 5 )  
E s s e n t i a l  f o r  e c o - s t a b i l i z a t i o n  
Same as EL-01 ( 1 )  
E s s e n t i a l  f o r  g a s  c o n v e r s i o n  
After eco-sys tem e s t a b l i s h e d  
E s s e n t i a l  f o r  e c o - s t a b i l i t i e s  
E a s i l y  o b t a i n e d  w i t h  w a t e r  
r e c y c l e  s y s t e m  
E a s i l y  o b t a i n e d  w i t h  wet  
o x i d a t i o n  method 
E s s e n t i a l  f o r  t e s t i n g  g r a v i t y  
e f f e c t  
- 
A f t e r  f e a s i b i l i t y  s t u d y  is 
c o n d u c t e d  
Same as above  
E s s e n t i a l  f o r  p l a n t a t i o n  
Same as EL-01 ( 5 )  
Same as EL,-01 ( 1 )  
Same as EL-03 ( 5 )  
After f e a s i b i l i t y  is  s t u d i e d  
Same as EL-03 ( 8 )  
Same as EL-03 ( 9 )  
Same as E L 4 1  ( 2 )  
A f t e r  f e a s i b i l i t y  is  s t u d i e d  
N e c e s s a r y  t o  grow t h e  
b i o - s p e c i e s  
After f e a s i b i l i t y  i s  s t u d i e d  
E s s e n t i a l  f o r  p l a n t a t i o n  
- 
A f t e r  t e c h n o l o g v  i s  
e s t a b l i s h e d  
F u t u r e  c o n c e p t  
J 
1995 
-1998 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
1991 
-1994 
V 
V 
r '  
V 
V 
V 
V 
V 
V 
V 
V 
V 
Exp. 
No. 
EL-0 1 
EL-02 
EL-03 
EL-04 
EL-05 
EL-06 
- 
EL-07 
EL-08 
EL-09 
EL-10 
EL-11 
1999 
-U 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V  
V 
V 
V 
I t e m s  c o n t a i n e d  
( 1 )  Higher  p l a n t  f o r  food  
( 2)  M i c r o b i a l  w a s t e  management 
( 3 )  Sodium accum. p l a n t  
( 4 )  Hydrophyte f o r  f e r t i l i z e r  
( 5)  F i s h  and Animal 
( 6 )  Fungus 
( 7 )  I n t e g r a t e d  e c o l o g i c a l  t e s t  
-... - 
( 1 )  Exper iment  module 
( 2 )  S o l a r  c o l l e c t o r  s y s t e m  
( 3)  V e g e t a b l e  f o r  f o o d s  
( I )  Exper iment  module 
( 2) Animal and F i s h  
( 3 )  Gas s e p a r a t i o n  and r e s e r v o i r  
( 4 )  H i g h e r  p l a n t ,  . fo r  f o o d s  
( 5) Algae  f o r  g a s  exchange  
( 6 )  Food p r e p a r a t i o n  
( 7 )  Wet o x i d a t i o n  w a s t e  manage. 
( 8 )  Phys ico-chemica l  sodium e x t r a c t .  
( 9 )  N u t r i e n t  c h e m i c a l  p r o d u c t .  
( 1 0 )  Low-G g e n e r a t o r  
( 1) C h e t o t a x i s  
( 2 )  O r g a n e l l a  
( 3 )  Geot rop ism of  p l a n t  
( 1 )  F i s h  and Animal p r o d u c t i c n  
( 1 )  Higher  p l a n t  f o r  f o o d s  
( 2 )  Algae  f o r  e f f i c i e n t  g a s  exchange  
( 3 )  I n c i n e r a t i o n  w a s t e  management 
( 4 )  Phys ico-chemica l  sodium e x t r a c t .  
( 5 )  N u t r i e n t  c h e m i c a l  p r o d u c t i o n  
( 1 )  Fermentor  
( 1 )  C e l l  c u l t u r e  
( 2 )  P a t h o g e n  
( 3 )  P r o t e i n  r i c h  f l o u r  s e p a r .  
( 1 )  P l a n t  c u l t i v a t o r  
( 1 )  B i o r e a c t o r  f o r  food p r o d u c t .  
( 1 )  F u t u r e  e x p e r i m e n t  module 
Fig. 1 CELSS C o n c e p t  
photosyn thes i s  and the  p o s s i b i l i t y  of f o r  human beings  and animals ,  and carbon 
propagat ion under t h e  O-G environment i n  dioxide and waste m a t e r i a l s  such a s  u r i n e  and 
Manned Space S t a t i o n .  f e c e s  should be taken away. 
The second time phased mission which Both t h e  oxygen and food necessary t o  
c o n s t i t u t e s  t h e  dedicated miss ion is t o  be animals ,  inc lud ing  human beings ,  a r e  
conducted dur ing  1995 - 1998 f o r  checking the  o r i g i n a l l y  generated from the photosynthet ic  
Control 
p o s s i b i l i t y  of a  micro closed-ecology system 
using animals  and f i s h  i n s t e a d  of human 
be ings ,  and the  t e s t i n g s  and e v a l u a t i o n  of t h e  
nrnentol 
Sect~on 
IPr l rnote l  
C02 
non-biological  system performance such a s  the  
gas  r e c y c l e  system, t h e  water r ecyc le  system 
and t h e  wet ox ida t ion  waste management system. 
A r t i f i c i a l  g r a v i t y  e f f e c t s  on t h e  b i o l o g i c a l  
system a r e  a l s o  t o  be eva lua ted .  
I n  t h e  l a s t  time phased miss ion,  t h e  main 
food supply and gas conversion from carbon 
d iox ide  t o  oxygen f o r  a  one man crew support  
a r e  t o  be t e s t e d  using the  pho tosyn the t i c  
Env~ro  
r e a c t i o n  of the  p l a n t  and a l g a e  and t h e  
necessary animal p r o t e i n  product ion systems 
I  
I 
l ~ o o d  
I 
,+---- 
I 
I 
I 
a r e  t o  be eva lua ted  using small animals and 
f i s h .  
The experiment a r c h i t e c t u r e s  f o r  each 
miss ion a r e  shown i n  Fig.  2 .  Due t o  t h i s  
miss ion model, t h e  prel iminary design of a l l  
hardware necessary t o  conduct each time phased 
An~rnol V ~ v o r ~ u r n  C02 
I  I 
I  I Feed 
C u l t i v a t i n g  4- and 
r e a c t i o n  of p l a n t s  and a l g a e  us ing carbon 
dioxide and s o l a r  l i g h t .  The carbon d iox ide  
concen t ra t ion  on t h e  e a r t h  i s  s t a b i l i z e d  by 
t h e  func t ion  of a tmospher ic  c i r c u l a t i o n  and 
t h e  gas r e s e r v i o r  f u n c t i o n  of sea-water. 
This  0.03% C02 concen t ra t ion  i s  not  always 
appropr ia te  f o r  p l a n t  growth and i t  seems 
p r e f e r a b l e  t o  use h igher  concen t ra t ions ,  0.3% 
and s o  on, f o r  ob ta in ing  maximum growth r a t e .  
Therefore ,  t h e  Gas Recycle System t o  be used 
i n  CELSS experiments has  t o  have the  a b i l i t y  
t o  supply d i f f e r e n t  CO concen t ra t ions  t o  the  2 
cab in  and animal vivarium and the  phytotron 
o r  higher  p l a n t  c u l t i v a t o r .  
In o t h e r  words, the  Gas Recycle System 
should have t h e  fol lowing f u n c t i o n s ,  
( 1 )  t o  s e p a r a t e  carbon dioxide and 
oxygen w i t h i n  the  atmosphere 
provided from t h e  cab in ,  t h e  animal 
vivarium and/or  t h e  phytotron 
Woter 
Breeding 
exper iments  and t h e  i n v e s t i g a t i o n  of i n d i v i d u a l l y ,  
i n t e g r a t i o n  methods t o  the  space s t a t i o n  have ( 2 )  t o  compress t h e  separa ted  gases  such 
been s t u d i e d  and repor ted  a s  shown i n  t h a t  carbon d iox ide ,  oxygen and 
r e f e r e n c e s  2,  3. n i t rogen  can be s t o r e d  i n  high 
p ressure  b o t t l e s ,  
3. FUNCTIONS OF GAS RECYCLE SYSTEM ( 3 )  t o  r e l e a s e  and supply t h e  appropr ia te  
gases  t o  t h e  cab in ,  t h e  animal 
The a p p r o p r i a t e  q u a n t i t i e s  of oxygen, vivarium and t h e  phytotron i n d i v i d u a l l y  
food and water  should be cont inuously  supp l ied  through gas r e g u l a t o r  manifolds.  
F e r t i l i z e r  
Sec t ion  
v 0 2  
4 
- -  
Algoe C u l l ~ v o t o r  
and 
Plontot ~ o n  Foclllly 
I 
I 
F ~ r s t  Phose Exper~ment Concept 
o r m  
(Feed  
Second Phase Exper~menl C ~ ~ e p l  
Fig. 2 Experiment Architectures of Each Mission 
4. REQUIREMENTS FOR GAS RECYCLE SYSTEM experiment hardwares. 
A s  f o r  t h e  oxygen gas  s e p a r a t i o n ,  t h r e e  
The - v a r i o u s  methods f o r  s e p a r a t i n g  each t y p i c a l  methods h a s  been developed and used 
gas  have been proposed and s tud ied .  (Reference f o r  va r ious  a p p l i c a t i o n s .  One i s  aga in  t h e  
4-16) molecular s i e v e  method which has t h e  same 
Carbon dioxide gas  separa t ion ,  has  
t y p i c a l l y  used t h r e e  methods, the  molecular 
s i e v e ,  the  hydrogen po la r i zed  c e l l  and 
chemical absorp t ion  and desorp t ion  methods. 
Each has  been discussed f o r  a p p l i c a t i o n  t o  
CELSS experiments.  
The molecular s i e v e  method seems t o  be 
most r e l i a b l e  and has  been used i n  Skylab, 
however dehumidif icat ion and t h e  p r e c i s e  
temperature and pressure  c o n t r o l  required f o r  
cons t ruc t ing  t h e  system using t h i s  method, 
would become more complicated. The hydrogen 
po la r i zed  c e l l  method r e q u i r e s  hydrogen t o  
concen t ra te  carbon d iox ide ,  aga in  t h e  
s e p a r a t i o n  of hydrogen gas  from t h e  r e s u l t a n t  
gas and reduc t ion  of hydrogen gas  a r e  
requ i red .  
The chemical absorp t ion  and desorp t ion  
method seems t o  become more important s i n c e  
s o l i d  amine has been developed because of its 
regenerable  and simple c h a r a c t e r i s t i c s  i n s t e a d  
of LiOH, and the  va r ious  a p p l i c a t i o n s  a r e  now 
being considered f o r  use  i n  the  environmental 
c o n t r o l  system i n  Space S t a t i o n .  
Theref o r e ,  based on t h i s  mat te r ,  t h i s  
chemical method using the  s o l i d  amine looks  t o  
be more p r e f e r a b l e  f o r  adoption t o  t h e  CELSS 
d e f e c t  as mentioned above. 
The second i s  t h e  chemical absorp t ion  and 
desorp t ion  method using complex s a l t .  This 
method has  a l r e a d y  been a p p l i e d  t o  t e s t i n g  
the  atmospheric c o n t r o l  of t h e  submarine and 
t o  the  oxygen supply system f o r  B-1 bomber, 
and t h i s  method i s  again  p r e f e r a b l e  f o r  being 
adopted t o  t h e  CELSS experiment hardwares 
because of i ts simple c h a r a c t e r i s t i c s .  
The t h i r d  one i s  the z i r c o n i a  oxygen pumping 
method i n  which z i r c o n i a  i s  used a s  a  s o l i d  
e l e c t r o l y t e  f o r  oxygen s e p a r a t i o n ,  t h i s  
method a l s o  has simple c h a r a c t e r i s t i c s  and is  
p r e f e r a b l e  f o r  being adopted t o  the  CELSS 
experiment hardwares. 
The gas recyc le  system c a p a b i l i t y  t o  be 
designed has  been assumed f o r  support ing the  
r e s p i r a t i o n  of a one man crew where t h e  
oxygen consumption per man-day i s  about  925 
glday and the  carbon d i o x i d e  exhaust per  
man-day i s  about 1,130 g lday ,  corresponding 
t o  30 l i t  . /h r .  of oxygen and 25 l i t  . /h r .  of 
carbon d iox ide .  
Therefore ,  the  Gas Recycle System t o  be 
used i n  the  CELSS experiments has  t o  have t h e  
a b i l i t y  t o  supply these  q u a n t i t i e s  of each 
gas .  
5. DESIGN CONCEPT OF GAS RECYCLE SYSTEM This r e a c t i o n  has  been d i r e c t l y  app l ied  
t o  the C02 scrubbing u n i t  i n  submarines. 
Fig .  3 shows the  gas  recyc le  sy t s t em However, i n  space c r a f t  under the  microgravi ty  
f u n c t i o n a l  diagram. I n l e t  gas  is  ' a  mixture of 
O2 (Oxygen), N2 (Ni t rogen) ,  CO (Carbon 
d lox ide)  and var ious  t r a c e  contaminaAs.  
A t  t he  f i l t e r ,  t r ace ,  contaminants a r e  
removed. 
C02 is  separa ted  and concentra ted by a 
regenerable  CO absorber ,  and then,  compressed 2  
and s t o r e d  i n t o  the  C02 gas  b o t t l e .  
O2 is  a l s o  separa ted  and concentra ted by 
a regenerable  O2 c o n c e n t r a t o r ,  and, compressed 
and s t o r e d  i n t o  the  0  gas  b o t t l e .  2  Thus, i n l e t  gas i s  separated and 
concentra ted i n t o  C02, O2 and N gases .  2  Then, these  gases  a r e  mixed proper ly  and 
supp l ied  t o  va r ious  u t i l i t i e s .  
6 .  GAS ABSORPTION AND DESORPTION 
I n  t h e  gas r e c y c l e  system, t h e r e  a r e  CO 
and 0  concen t ra t ion  p rocesses .  These a r i  
accomplished by two gas absorp t ion  and desorp- 
t i o n  processes ,  one i s  C02 absorp t ion  and 
desorp t ion  process  us ing S o l l d  Amine, and the  
o t h e r  is  O2 absorp t ion  and desorp t ion  
processes  us ing Salcomine. 
6.1 CO Absorption and Desorption Process 
~0~ absorp t ion  and desorp t ion  i s  
g e n e r a l l y  acomplished by using va r ious  kinds  
of amines, t h e  chemical r e a c t i o n  could be 
desc r ibed  a s  shown below. 
The s o l u t i o n  of Ethanol k i n e ,  such a s  
Mono Ethanol Amine (MEA) and/or  Diethanol  
Amine (DEA) absorbs  C02 a t  the  normal 
temperature  and desorbs  C02 a t  the  high 
temperature ,  a s  i n d i c a t e d  by t h e  fol lowing 
r e a c t i o n  equa t ion .  
(normal temp.) 
RR'NH + H20 + C02 RR1NH2C03 
(high temp .) 
where R = HOCH CH , R'  = H, f o r  MEA 
R = R' = 2 ~ ~ t ~ 2 ~ ~ 2 ,  f o r  DEA 
environment, such chemical a g e n t s  seem not  t o  
be appropr ia te  because of t h e  d i f f i c u l t i e s  of 
the  gas and l i q u i d  s e p a r a t i o n .  
Therefore ,  the  s o l i d i f i c a t i o n  method of 
t h e  amine: has  been s t u d i e d  and developed. 
S o l i d  Amine c o n s i s t s  of micro porous beads 
whose s u r f a c e  a r e  coated with  a n  amine. The 
s u b s t r a t e  of beads i s  composed of a  polymeric 
a c r y l i c  e s t e r .  (Reference 17,18) 
Fig.  4 shows the  C02 s e p a r a t i n g  and 
concen t ra t ing  system lagram. I n  t h i s  
system, So l id  Amine absorbes  C02 a t  the  
normal temperature ,  and o u t l e t  gas from t h e  
so l ' id  amine c a n i s t e r  i s  C02 l e a n  g a s .  
' P a r t  of t h e  C02 l e a n  o u t l e t  gas flow 
r e t u r n s  t o  the  cab ln  atmosphere,  and the  
r e s i d u a l  p a r t  of the  flow is  l e d  t o  the  next 
process .  
When one c a n i s t e r  becomes s a t u r a t e d  with  
C02, t h e  i n l e t  f low is switched t o  the  o t h e r  
c a n i s t e r  and CO absorp t ion  i s  continued i n  2  t h e  new c a n i s t e r .  The CO s a t u r a t e d  So l id  
Amine c a n i s t e r  i s  heated an% desorbs the  CO . 
This  C02 gas i s  led t o  the  CO compressor go 
be compressed and s t o r e d .  2  
These S o l i d  Amine c a n i s t e r s  a r e  used a s  
absorbing,  desorbing and precool ing,  
r e s p e c t i v e l y ,  and by t h e  combination of 
c a n i s t e r  coo l ing  and h e a t i n g ,  continuous CO 
2  s e p a r a t i o n  and c o n c e n t r a t i o n  can be 
accomplished. 
6 .2  0  Absorption and Desorpt ion 
~ x e  0 absorp t ion  and desorp t ion  process 
i s  C a r r i e 2  o u t  us ing Salcomine . Salcomine 
(Bis(3-ethoxy s a l i c y l  aldehyde) e thy lene  
diamine c o b a l t ( I 1 )  - Fig.  5 )  absorbes  O2 a t  
normal temperature and desorbes  O2 a t  the  
high temperature .  (Reference 1 )  
Fig .  6 shows the  O2 s e p a r a t i n g  and 
concen t ra t ing  system diagram. 
In t h i s  system, 0  i s  absorbed i n t o  the  2  Salcomine and N2 gas comes ou t  of t h e  
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c a n i s t e r  o u t l e t .  This o u t l e t  N gas  is led  
t o  t h e  cdmpressor t o  be compressei and 
s t o r e d .  
When the  Salcomine c a n i s t e r  becomes 
s a t u r a t e d  t h e  absorp t ion  c y c l e  i s  terminated 
and the  desorp t ion  cycle  is s t a r t e d ,  i n  t h i s  
desorp t ion  cyc le  t h i s  c a n i s t e r  i s  heated and 
desorbs  O2 gas .  This  0  gas  is l e d  t o  the  2 gas  compressor t o  b e  compressed and s t o r e d .  
Continuous 0  absorp t ion  and desorp t ion  i s  
c a r r i e d  o u t  gy means of c o o l i n g  and h e a t i n g  
t h r e e  c a n i s t e r s  a l t e r n a t e l y .  
7 .  CONSIDERATION FOR DESIGN 
Various CELSS experiment equipment w i l l  
be considered i n  the  d e s i g n  of the  Gas 
Recycle Sys tem. 
Phytotron ( P l a n t  c u l t i v a t o r )  and RAHF 
(Research Animal Holding F a c i l i t y )  s o  c a l l e d ,  
the  animal vivarium a r e  cons ide red .  
Fig .  7 shows a n  example of Gas Recycle 
System a p p l i c a t i o n  t o  t h e  Phytotron and RAHF. 
I n  the  RAHF, O2 i s  consumed and C02 is 
exhaled by t h e  metabolism of animals .  I n  
Phytotron,  CO is consumed and 0 is exhaled 2  
according t o  t h e  pho tosyn the t i c  ' react ion of 
p l a n t s .  
For s t a b i l i z i n g  the  and gas 
concen t ra t ions  i n s i d e  theo2 RAHF, is 
supp l ied  from Gas Recycle System, and t 8 e  CO 2 i s  pulled-out through t h e  v e n t i l a t o r ,  t h i s  
vented gas i s  mixed w i t h  t h e  gas  from the  
phytotron and t h e  r e s u l t a n t  gas  i s  c i r c u l a t e d  
through t h e  Gas Recycle System and CO is 
separa ted  and s t o r e d  f o r  re-use.  2  
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According t o  t h e  measurements of t h e  pO 
( p a r t i a l  p ressure  of 0  ) and pCO ( p a r t i a f  2  p ressure  of CO ) i n s i d e  $he RAHF t h e  0  supply  2  
and gas  ven t ing  i s  c o n t r o l l e d .  2  
The d e v i a t i o n  of t h e  t o t a l  p ressure  (P) 
is compensated by t h e  N2 gas  supply o r  gas  
d i scharg ing  from the  RAHF. 
To t h e  Phytot ron,  C02 is  supp l i ed  from 
Gas Recycle System and t h e  gas con ta in ing  0  2  i s  a l s o  taken ou t  by mean of t h e  gas  
v e n t i l a t o r  and t h i s  gas  i s  a g a i n  mixed wi th  
the  gas  from t h e  RAHF and s e n t  t o  t h e  Gas 
Recycle System. 
CO supply  is  necessary  t o  compensate t h e  2  pC02 decrease  caused by t h e  pho tosyn the t i c  
r e a c t i o n  of p l a n t s .  
The t o t a l  p ressure  and t h e  p a r t i a l  
p ressures  a r e  a l s o  c o n t r o l l e d  s i m i l a r  t o  t h e  
case  of RAHF. 
8. PRELIMINARY RESULTS OF DESIGN 
The Gas Recycle System mentioned he re  
comes from t h e  des ign  concept of carbon 
d iox ide  reduc t ion  system i n  t h e  cab in  f o r  
suppor t ing human r e s p i r a t i o n .  It may be 
poss ib le  t o  be a b l e  t o  improve t h e  system f o r  
reducing power consumption. However t h e  more 
d e t a i l e d  s t u d i e s  on t h e  phytot ron,  t h e  RAHF 
and s o  on w i l l  become necessary  f o r  t h i s  
improvement. 
8.1 Requirements 
The des ign  g o a l  of t h i s  Gas Recycle 
System c a p a b i l i t y  has  been temporally given a s  
shown i n  s e c t i o n  4.  Namely t h i s  Gas Recycle 
System should manage 925 glday of Oxygen and 
1,130 g/day of carbon d iox ide  corresponding t o  
30 l i t . / h r .  of O2 and 25 l i t . / h r .  of CO . 
The o p e r a t ~ o n a l  p r y s u r e  of t h e  gas  
b o t t l e s  i s  about  10 kgtlcm G.  
For sav ing  t h e  gas  compression energy, 
t h e  lower p ressure  i s  b e t t e r ,  bu t  f o r  making 
t h e  compact des ign  of system t h e  a p p r y r i a t e  
h i g h  p r e s s u r e  such a s  10 kgt /cmG is 
requ i red .  
Table 3  shows these  requirements .  
8.2 Gas Recycle System Block Diagram 
Fig .  8 shows the  Gas Recycle System 
Block diagram. 
I n l e t  gas of 3,600 l i t .  I h r .  is  drawn by 
t h e  blower. A t  t h e  f i l t e r  con ta in ing  
a c t i v a t e d  chacoal  and Hophal i te  (Carbonmonoxide 
(CO) oxiding c a t a l y z e r  ) , t h e  contaminants 
such  a s  CO, odor and p a r t i c l e s  a r e  removed. 
A t  t h e  C02 c o n c e n t r a t e r  of S o l i d  Amine 
( S o l i d  Amine C a n i s t e r )  abou t  40 l i t . / h r .  of 
C02 i s  ob ta ined ,  aqd compressed t o  t h e  
p ressure  of 10 kgtlcm G and s t o r e d  i n t o  the  
C02 gas  b o t t l e s .  
3,360 l i t . / h r .  of t h e  o u t l e t  gas  (CO 
l e a n )  r e t u r n s  t o  t h e  cabine  atmosphere.  
r e s i d u a l  flow of 200 l i t l h r .  i s  l e d  t o  t h e  
next  process ,  Salcomine 0  concen t ra t ion .  
A t  t h e  ~ a l c o m i n z  0  concen t ra to r  
(Salcomine C a n i s t e r ) ,  abou t  4d lit . /h r .  of o2 
i s  obta ined a  d  is compressed t o  the  pressure  9 
of 10 kgt/cm G and s t o r e d  i n t o  t h e  O2 gas  
b o t t l e s .  
The r e s i d u a l  f low, 160 l i t . / h r .  2o f  N 
g a s  i s  compressed t o  t h e  10 kgtlcm G an2 
s t o r e d  i n t o  t h e  N gas b o t t l e s .  
8.3 Gas Recycle gys tem Conf igura t ion  
Table 4  shows t h e  l i s t  of p r i n c i p a l  
components of t h e  Gas Recycle System. 
Table 3 GAS RECYCLE SYSTEM REQUIREMENTS 
No. Item Unit Value Remarks 
1. FlowRate  
Oxygen l l h  
Carbon dioxide  l l h  
f o r  one man 
L i fe  Support 
2. P u r i t y  
Oxygen X above 90 
Carbon dioxide  X about  90 
Nitrogen Z a5out  90 
2  3 .  Operating Pressure  kgtlcm G 10 
851393 
. I 
3360 L A  
(02 +N2 
GAS I N L E T  BLOWER GAS BOTTLE 
COMPRESSOR 
a 
- 
( 16L) 
CONTAM l NANT 
F l LTER 
40 L/h 40 L/h 
SAL - ( 0 2  
COMINE 
GAS BOTTLE COMPRESSOR 
a 
COMPRESSOR 
, 
'I 
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1 1 1  (4L)  
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Table 4 GAS RECYCLE SYSTEM COMPONENTS LIST 
No. Name Quan. P a r t i c u l a r s  Man (kg)  Power(kw) Remarks @ T o t a l  @ T o t a l  
1. Reservor 1 30 l i t .  3 3 -  - 
2. F i l t e r  1 Act. Chacoal 2 2 - - 
Hopkalite e t c .  
3 .  Blower 1 3,600 l i t . / h  6 6 0 .1  0.1 
4 .  Sol.Amin 
Unit 3 3,600 l i t  . /h  4 15 0.5 0.5 
5 .  Reservor 1 10 l i t .  2 2 l -  - 
6 .  Salcomine 
Unit 3 20 l i t  . / h  3 9 0.5 0.5 
7 .  Compressor 1 160 Nl i t . /hxlOk 6 6 0.1 0.1 
8.  Do. N2 1 40 Nlit . /hxlOk 4 4 0.05 0.05 0 
9.  Do. 1 4 0 N l i t . / h x l O k  4 4 0.05 0.05 d2 
10. Gas B o t t l e  1 16 l i t . x l 0 k  3 3 - - 
11. Do. 1 4 l i t . x l 0 k  1 1 -  - 
12. Do. 1 4 l i t . x l 0 k  1 1 ' -  - 
13. Con t ro le r  1 - 16 16 0.1 0.1 
14. Valve Pipe - - - 50 - - 
15.  Cable e t c .  - - - 30 ' -  - 
16.  Frame - - - 50 - - 
TOTAL 202 - 1.40 
4 4 
- - 
The t o t a l  mass of t h i s  sys t em and t h e  
e l e c t r i c  power consumption a r e  e s t i m a t e d  a b o u t  
202 kg and abou t  1.40 kw r e s p e c t i v e l y .  
F ig .  9 shows t h e  c o n f i g u r a t i o n  of  t h e  Gas 
Recycle  System. The components of t h e  Gas 
Recycle  System w i l l  be assernbl-eJ w i t h i n .  t h e  
s p a c e  of t h e  S i n g l e  Rack of t h e  SPACE LAB. 
Fig 9 GAS RECYCLE SYSTEM CONFIGURATION 
9.  Conclus ion  
Through t h e  concept  s t u d i e s  f o r  CELSS 
expe r imen t s  i n  Space S t a t i o n ,  t h e  f o l l o w i n g  
r e s u l t s  had been o b t a i n e d .  
( 1 )  The g u i d e l i n e  of t h e  CELSS technology 
r e s e a r c h  and development h a s  been 
e l u c i d a t e d  through t h e  t ime .phase 
mi s s ion  s e t s  as t h e  strawman model ,  
( 2 )  The development f e a s i b i l i t y  of t h e  
v a r i o u s  hardware n e c e s s a r y  t o  conduct  
t h e  CELSS exper iments  i n  e a c h  t ime 
phased mis s ion  and t h e  p r e l i m i n a r y  
i n t e r f a c e  r equ i r emen t s  f o r  1 e a c h  
mis s ion  - s e t s  has  been  c l a r i f i e d  
through t h e  concept  d e s i g n  s t u d i e s .  
I n  s p i t e  of t h e s e  f r u i t f u l  r e s u l t s ,  
many problems t o  be so lved  f o r  
deve lop ing  hardware have been found 
th rough  t h e s e  s t u d i e s .  
A s  f o r  t h e  Gas Recycle System, t h e  
nex t  two problems seem t o  be v e r y  
impor t an t  f o r  e s t a b l i s h i n g  t h e  
s t a b i l i t y  of t h e  sys tem.  
4 5 
-z;. 
( 3 )  The d e g r a d a t i o n  mechanism of O2 
a b s o r b e r  a g e n t  s u c h  a s  complex s a l t  
shou ld  be t e s t e d  and analyzed  
through bench t e s t s  and i f  t h e  
d e g r a d a t i o n  c h a r a c t e r i s t i c s  a r e  n o t  
s u f f i c i e n t  a  more s t a b l e  a g e n t  
shou ld  b e  deve loped .  
( 4 )  For e s t a b l i s h i n g  complete g a s  
r e c y c l e  i n  t h e  CELSS, t h e  ba l ance  
between t h e  r e s p i r a t i o n  q u o t i e n t  of  
h e t e t o t r o p h  and t h e  a s s i m u l a t i o n  
q u o t i e n t  of a u t o t r o p h  shou ld  be 
e s t a b l i s h e d  w i t h i n  a d e f i n i t e  pe r iod  
of t i m e ,  t h e  p o s s i b i l i t y  f o r  keeping 
t h i s  b a l a n c e  w i t h  t h e  g a s  r e c y c l e  
sys tem shou ld  be  t e s t e d  and checked 
through ground based  expe r imen t s ,  i f  
i m p o s s i b l e ,  t h e  a d d i t i o n a l  equipment 
f o r  keeping  t h e  ba l ance  should  be 
i n t r o d u c e d  a s  a subsys tem i n  t h e  
CELSS hardware.  
These s t u d i e s  had been conducted under 
t h e  s u p p o r t  of many r e s e a r c h e r s  be longing  t o  
t h e  CELSS r e s e a r c h  group.  
The Authors  g r e a t l y  a p p r e c i a t e  t h e i r  
s u p p o r t .  
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